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normal block sizes. 
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The Extraction of Cement-kiln Dust By Cyclones. 


By B. V. LAMBERT. 


THE problem of preventing the possibility of nuisance resulting from the discharge 
of dust from the chimneys of cement works is the same in principle as that relating 
to the discharge from the chimneys of other industries. A nuisance may arise 


not because dust. is discharged to the atmosphere, but because some of the dust, 
by reason of its size, may fall in sufficient quantity to be objectionable. The 
solution of the problem is to provide an efficient dust-precipitation plant to prevent 
the entry into the chimney of dust of such a size that it would be deposited where 
it would cause a nuisance. Dust falling elsewhere must not be ignored, because 
there is no virtue in discharging any solid matter into the atmosphere. 

A committee investigating the problem of the emission of dust from chimneys 
of electric power stations reported that dust-extraction plants should be designed 
to extract all particles exceeding 20 microns and a proportion of the dust below 
this size. The requirement to extract all particles greater than a certain size 
results from the fact that particles of dust fall to the ground at a speed which 
depends on the specific gravity and size of the particles. For dust of the same 
material, therefore, the speed at which each particle falls depends on its size, 
the larger particles falling at greater speeds than the smaller ones and reaching 
the ground nearer the chimney before they can be carried away and dispersed 
by the wind as are the smaller particles. 

These factors determine the size of the smallest particle likely to be deposited 
in any area, and also indicate the size at which extraction must commence and 
determine the sizes of particles likely to be deposited at various distances from 
the chimney. They also indicate that all particles above a certain size must be 
precipitated in descending order of size down to particles of the specified size. 
These requirements are in principle fulfilled by dust precipitators, for example, 
of the cyclone type, and the degree to which they are fulfilled in practice depends 
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Fig. 1.—A Single-unit Cyclone Precipitator. 
(See Fig. 4 for Plan.) 
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Fig. 2.—Single-unit Cyclone Precipitator : Gas Inlet and Outlet Ducts. 


only on the degree to which the principles are modified and controlled by the 
design of the plant. 

In a cyclone, the gas and entrained particles are constrained to travel along 
a circular or partly circular path and are therefore subjected to centrifugal force, 
which propels the particles generally through the main stream of gas at speeds 
which vary with size of the particle and which are greatest for the largest particles. 
Thus the particles pass through and out of the gas stream and are precipitated 
in descending order of size down to the smallest which the cyclone is designed to 
extract. It is a simple matter to ascertain the centrifugal force required for the 
precipitation of the smallest desired size of particle, but the centrifugal force 
generated within a cyclone also gives rise to a secondary flow within the cyclone. 
In the ‘ Micron” precipitator (manufactured by Messrs. Fraser & Chalmers 
Engineering Works) features are incorporated to prevent re-entrainment of dust 
in a secondary flow and to ensure that all particles larger than the specified size 


are precipitated. In treating gases from cement kilns, a multiple-unit precipi- 
c 
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tator of this type precipitates all particles of dust greater than 5 microns mean 
diameter. 

The requirement to precipitate all particles greater than 20 microns in the gases 
from electric power stations suggests that it should be unnecessary to precipitate 
particles as small as 5 microns from the gas from cement kilns. There is, however, 
a difference in the behaviour of the solid matter, when discharged to atmosphere, 
carried in the gases from these sources. On discharge, the solid matter from the 
chimney of an electric power station remains relatively unchanged. The particles 
of dust leaving a precipitation plant at a cement works remain as such until con- 
densation of the water-vapour, a large quantity of which is carried in the kiln 


Fig. 3.—Single-unit Cyclone Precipitator : Dust Discharge Section. 
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gases, begins and on discharge to the atmosphere complete condensation of the 
water-vapour takes place and the particles of dust join together to form clusters 
of particles. This phenomenon makes it desirable that a dust-precipitation 
plant for treating cement-kiln gases shall be able to precipitate all particles greater 
than a specified size, and that the specified size shall be so small that clusters 
of particles below the specified size shall not constitute a nuisance. 

Figs. 1 and 4 show details of a single-unit ‘‘ Micron”’ precipitator installed 
at kiln No. 1 at the Aberthaw works of the Aberthaw & Bristol Channel Portland 
Cement Co., Ltd. A single-unit precipitator, which is used because of the res- 
tricted space available, treats 52,200 cu. ft. of cement-kiln gases per minute at 
and measured at 170 deg. C., water dew-point 70 deg. C., specific weight 0°0487 Ib. 
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Fig. 4.—Plan of Single-unit Cyclone Fig. 5.—Multiple-unit Cyclone Precipi- 
Precipitator (See Fig. 1). tator : Section YY (See Fig. 5). 


per cu. ft., and density 0°638 relative to dry air at 15 deg. C. The plant is designed 
to precipitate all particles of kiln dust of specific gravity 2°6 greater than 6 microns 
mean diameter. Tests show that this performance is fulfilled. The precipitated 
dust is removed, as precipitated, by a motor-driven rotary airlock which dis- 
charges it to a screw-conveyor which returns it to the kiln in such a way that it is 
not again entrained by the kiln gases and joins the main stream of raw material 
to the clinkering zone. Fig. 2 shows the gas inlet and outlet sections of the 
precipitator at the kiln and, in the foreground, the driving-head of a slurry dryer 
to which the precipitator inlet-duct is connected. The dryer has since been 
replaced by another type of heat exchanger so that the casing of the dryer is 
now used as a large gas-main between the back end of the kiln and the inlet-duct 
of the precipitator. The scroll-outlet head of the precipitator is partly hidden 





CEMENT AND LIME MANUFACTURE JULY, 1950 


©! 


QUTER PORTION OF FLUE FRAME BRICKED 


i 
gourer | * 
1 “eta = . 
= 


ALL Zaz 
, Ea 7 H 


tT, Ty 
Tt 
“ay 

MY 








Fig. 6.—Multiple-unit Cyclone Precipitator. 


(See Fig. 5 for Section YY). 
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Fig. 7.—Multiple-unit Cyclone Precipitator : View of Top of Plant. 


by a beam, but the cleaned-gas outlet duct is shown and descends to its point of 
connection to the inlet of the variable-speed induced-draught fan which discharges 
the cleaned gas into the bottom of the chimney. Fig. 3 shows the dust-discharge 
pipe, the rotary airlock, and the screw-conveyor which returns the precipitated 
dust to the kiln. Kiln No. 2 at Aberthaw works is provided with the same single- 
unit type of precipitator as kiln ‘No. 1, but kiln No. 3, which is smaller than Nos. 1 
and 2, is equipped with a similar but smaller single-unit precipitator. 

At the Rhoose works of the same company more space is available, and a 
multiple-unit ‘‘ Micron” precipitator is installed at kiln No. 1 to treat 38,200 
cu. ft. of kiln gases per minute at and measured at 156 deg. C., water dew-point 
80 deg. C., specific weight 0°0462 lb. per cu. ft., and density 0°604 relative to dry 
air at 15 deg. C. This plant is designed to precipitate all particles of kiln dust 
of specific gravity 2°6 and greater than 4} microns mean diameter. Tests have 
again proved this performance to be fulfilled. The concentration of dust in the 
gases leaving the precipitator does not exceed 0°45 grains per cubic foot. A 
similar multiple-unit precipitator is being installed at kiln No. 2 at Rhoose works. 

Figs. 5 and 6 show details of the multiple-unit plant, which comprises 
four precipitators arranged in parallel the inlets of which are each connected 
separately to a flue-frame built into a chamber which receives the kiln gases. 
Each connection permits expansion of the inlet-ducts. The cleaned-gas outlets 
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Fig. 8.—Multiple-unit Precipitator : Dust Discharge Section. 


from the precipitators are coupled together by breeches-pipes from which a 
common duct (not shown) is taken to the inlet of the induced-draught fan which 
discharges into the bottom of the chimney. The precipitated dust is removed 
and returned to the kiln as in a single-unit plant. Fig. 7 is a view looking down 
on the plant at kiln No. 1 at Rhoose works, and shows the inlet sections to, and 
the scroll outlets from, two of the four precipitators, and also the ducts which 
connect the outlets. The inlets to the precipitators pass beneath the platform 
which overhangs the wall of the chamber into which the flue-frame is built. 
Fig. 8 shows the dust-discharge section of the same plant. 

The efficiency of precipitation of these plants is between 80 per cent. and 87 
per cent. depending on the condition of the slurry-feed and kiln. The efficiency 
is constant provided, as is generally the case, that the gas flow and conditions are 
constant within the limits obtaining in practice. The electric motors required 
to drive the airlock, screw-conveyor, and other mechanical parts of a single-unit 
“Micron ”’ precipitator are of 1}h.p. to 3h.p. Although these precipitators 
require the consumption of a little more power than some other plants, since they 
are designed for a loss of pressure of 3} in. to 4 in. water-gauge, the first cost is 
comparatively low, and maintenance and depreciation are negligible. 
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Continuous-pressure Lime Hydration. 


IN arecent number of “ Pit and Quarry ”’ it is stated that one of the most important 
developments ever to take place in the lime industry is the ‘‘ Corson ”’ explosion 
method of continuous-pressure hydration by means. of which dolomitic lime is 
thoroughly hydrated and also given high instantaneous plasticity and other 
superior qualities. The basic features of the process are the hydrator with “ ex- 
plosive ” discharge and the treatment after hydration by tube milling. The 
following notes are from the December, 1949, number of our contemporary. 

In the early 1930’s Mr. Bolton L. Corson, the inventor of the process, came to 
the conclusion that two conditions were essential to the proper hydration of lime. 
One was that water in the liquid phase be present at the time the calcium oxide 
changed to calcium hydroxide, and secondly that it be done under pressure. 
Experiments were made in which a large excess of water was supplied to the 
ground quicklime, and then the lime was placed in a pressure vessel. In the early 
tests it was found that after the pressure had returned to atmosphetic the material 
in the chamber had very superior properties but was wet. Experiments then showed 
that by suddenly opening a valve to atmospheric pressure the water could be 
made to separate from the lime and that the lime maintained substantially the 
same characteristics in the dry form which it had when wet. In other words, this 
drying operation, under the impetus of the pressure and heat developed by the 
lime itself, removed the moisture and produced a unique product on an economical 
basis. 

In 1938-39 the first full-scale plants, which were of the batch type, were built 
and the lime was recognised as a superior product. A continuous process was 
placed in operation during the year 1940 and a larger unit in 1943. The product 
made by the continuous process was not superior to that produced by the batch 
process, but the cost of production was greatly reduced. In 1948 a larger and im- 
proved hydrator was installed and the patented process was made available to 
other producers. Several plants have been installed and others are in process of 
installation in all parts of the U.S.A. and in one other country. 

The method can be briefly described as a process whereby quicklime is auto- 
matically fed at constant weight to a mixer, in which the proper amount of 
water is added. The quicklime used in the Corson plant is a hammer-mill product, 
not very finely pulverized. A special pump was developed to feed the resulting 
slurry into a 7-ft.-diameter by 20-ft. pressure cylinder operating at 75 lb. pressure 
and a temperature of 300 deg. F. In the cylinder hydration takes place under 
mechanical agitation for about 30 minutes, and the product is continuously dis- 
charged (or “‘ exploded ’’) through a small pipe at the rate of 10,000 ft. per second 
into a special cyclone-type collector at atmospheric pressure. In this ‘‘ explosion ” 
process the finely-divided lime is separated from the water by the spray-drying 
principle. The lime falls to the bottom of the collector and is then fed to a tube 
mill, not to grind it finer but to agglomerate it and thereby increase its plasticity. 
The lime is discharged from the tube mill to an air-separating system or to a 
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screen for the removal of core, etc. The finished product is then bagged in the 
usual manner. 

Tests on 24-in. cubes of 1 part lime and 3 parts sand showed that the strength 
of this lime at the end of one year is about four times that of ordinary lime. 
The compressive strength at one year was about 1,000 lb. per square inch. In 
the early periods the strength of both limes was about the same. Using the Emley 

. . . . . . . ® e 
plasticimeter, the lime had a plasticity of 325 both immediately and after 24 hours. 
The ordinary hydrate had a plasticity of only 110 at the same periods. Tests made 
with the Voss extrusion energy machine showed that the sand-carrying capacity 
of the lime was 5} to 1, compared with 2? to 1 for ordinary hydrate. 

The particle size of the lime, due to its having been exploded from the pressure 
hydrator, is from 2 to 5 microns, compared with 6 microns for ordinary hydrate. 
This fineness gives greater plasticity and bonding power and greater waterproof- 
ness. Its soundness is greater (less than 8 per cent. unhydrated oxides) because 
there is much less unhydrated material and it is whiter than ordinary hydrate. 
Its colloidal structure makes it unusually adhesive. 

Plants can be built with capacities of from 6 to 12 tons per hour depending on 
the type of lime and other factors. The system is applicable to all dolomitic 
limes, and work on its application to high-calcium lime is now in progress. 

Typical chemical and composition analyses of quicklime produced by the 
Corson pressure hydrator and by the ordinary process are as follows :— 

Corson process Ordinary process 
per cent. per cent. 
Chemical Analysis : 
SiO,.. ae 
R,Oy . 
(Insoluble residue 
2 ae 
Free water .. 
Combined water 
{Loss on ignition 
CaO.. 
MgO i 
(Oxides ie a 
Composition Analysis 
SiO... 
R203 
Free water .. 


CaCO, 
Ca(OH)> 


Mg(OH), 
MgO 


I*4 
0-6 
2°0) 
o's 
O°5 

I5°0 
16:3) 
47°8 
33°8 
31-6) 
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Production of Portland Cement in Japan. 


It is reported that the production of Portland cement in the last Japanese fiscal 
year was 681,000 tons greater than the total of 2,800,000 tons anticipated under 
the plan of the Economic Stabilisation Board. In March, 1950, the output was 
307,200 metric tons, compared with 255,000 metric tons in February, 1950. 
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Recent Research on Portland Cement in Russia. 
IN the following are given abstracts from articles published recently in the Russian 
Journal of Applied Chemistry (Zhurn. Prikladn. Chim.), and describing investiga- 
tions relating to the chemical and physical properties of Portland cement. 
Free-Lime Content and Irregular Volume Changes. 

Research undertaken at the Building Materials Institute of the Russian 
Academy of Architecture to establish a relation between the free-lime content and 
volume change of Portland cement is described by Ju. E. Kornilovich (1948, 21, 
573-579). The views of German and Russian investigators on this subject are 
conflicting, but where a definite relation is claimed the amount of free lime appears 
to be between I per cent. and 2 per cent. In American tests, Portland cements 
with less than 1 per cent. of free lime, as determined by the Emley method, 
satisfactorily pass the constant-volume test, but cements with up to 3 per cent. of 
free lime do not. It is emphasised that when considering standard methods of 
determining lime it is necessary to differentiate the hydrate, and it is stated that 
the Emley method, and methods based thereon, were found to be unsuitable in 
the Russian tests as CaO is not clearly distinguished from Ca(OH),. 

Some preliminary tests were made by the author with Portland and othercements 
having free-lime contents (determined by the Emley method) from 0-42 per cent. 
to 5°8 per cent., and the results indicate that there is no clear relation between 
free-lime content and volume changes. It is suggested that, during the burning 
of the clinker, particles of slowly-slaking lime become coated with protective layers 
that prevent or delay admission of water thereto. The denser and thicker the layers 
the more injurious to the quality of the cement is the free lime so coated. More- 
over the rate of slaking of free lime may depend on other factors such as fineness 
of grinding. The existence of protective layers may delay reaction with other 
liquids such as dehydrated glycerine which reacts preferentially with CaO and 
Ca(OH), differently from water, and acts also on other constituents of cement. 
It may therefore be essential to define even approximately the extent of the 
injurious effect of free lime on the rate of formation of calcium glycerolate in the 
treatment with glycerine of fresh clinker, in which the content of hydrated CaO 
is insignificant. 

Other experiments were made with clinkers of different composition and from 
different stages of burning, the free lime being determined by the Emley method. 
Samples were ground to uniform fineness, moistened with 5 ml. of dehydrated 
glycerin, 25 ml. of absolute ethyl-alcohol, and 1 ml. of phenolphthalein solution. 
To obtain more distinct differences in the rate of formation of calcium glycerolate, 
barium chloride was not added. The samples were closely covered and periodically 
titrated with benzoic acid. Similar tests were made with cements containing 
constant amounts of free lime, and to which barium chloride had been added. 
Pats of these cements were subjected to standard tests for volume change and the 
results compared with chemical test results. Generally, although pure CaO cer- 
tainly reacts with glycerine more quickly than when in clinker, especially with 
strong heating, the amount of glycerolate formed in a given time does not bear a 
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precise relation to the volume change. This method does not therefore give, the 
desired result. 


Another method was therefore tried in which’ the amount of unslaked CaO 
in hardened freshly-made cement paste was determined. Theoretically, lime still 
unslaked while the cement paste retains its plasticity eventually becomes slaked 
and produces the volume changes. It is probable, therefore, that the determination 
of the amount of free lime in a cement paste after 24 hours’ setting, and excluding 
factors that would delay slaking, may provide a quantitative explanation. Since 
it is required to determine only the free lime, and not the hydroxide formed, the 
Emley method and similar methods are not quite suitable for the purpose, and a 
modification of the Baikov method was used. In an improved form of the apparatus 
required for this method it is possible to introduce superheated steam to all parts 
of the sample, whereas with the original apparatus the steam acts only superficially 
owing to the thickness of the sample. It is necessary also to ensure that no particles 
of the sample are removed by the steam. 

The modified apparatus comprises a vertical tubular electrical furnace of 
30 mm. inside diameter and 380 mm. long. The top is hermetically sealed and 
through the cover passes a thermometer and a copper pipe insulated with asbestos. 
At the bottom is another sealed closure with a pipe projecting therefrom and 
below is a covered platinum Gooch crucible of the same diameter as the furnace 
and with an asbestos filter base. The crucible is warmed and dried to constant 
weight and the sample is placed in it. Superheated steam is passed through the 
top pipe and the sample is penetrated by the steam as it has no other means of 
escape. The procedure was two hours’ drying at 250 deg. C. in an air current 
free from CO,, two hours’ steaming with superheated steam at 200 deg. C., and 
two hours’ drying at 200 deg. C. 

The samples were prepared from two kinds of clinker, one strongly burned 
and the other weakly burned. Both were ground and the pastes were prepared 
in the laboratory, and the free-lime content was determined by the Emley method. 
The samples were then mixed with cement containing no free lime and of constant 
volume, so that the mixture contained the same amount of free lime as already 
determined and as again confirmed by test. Other mixtures of cements of other 
degrees of burning were prepared, and were ground to pass a sieve having 4,900 
meshes per square centimetre. 

From each of the samples, pats were made and kept for 24 hours under 
moist conditions. Some of the pats were then subjected to standard tests for 
volume change, and others were ground to pass a 4,900-mesh sieve, dried on the 
Baikov apparatus to constant weight, and the free-lime content determined by 
the method mentioned. Although during drying of the pulverised pats there 
was obviously some slaking of unslaked free lime, the relative results were not 
affected. The content of free-lime, determined by the Emley method, varied 
from I-1 per cent. (for clinker taken from the 68-m. zone of a Pfieffer kiln) to 
6:2 per cent. (for clinker taken from the 65-m. zone) before and after treatment. 
After treatment by steam and by heating or boiling, and storage in water for 27 
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days, the CaO content was reduced from 1-1 per cent. to I per cent., and from 
6-2 per cent. to I-2 per cent. In all cases an appreciable amount of unslaked 
lime remained, but what is more important is that there is no definable relation 
between the volume change and the amount of free lime. 


Rate of Hydration of Portland Cement. 


In the same journal for March, 1949, the results of a study of the rate of 
hydration of Portland cements are described. This research relates mainly to 
the compounds C,S, C,S, C3;A, and C,AF, the water-content being 40 per cent., 
52 per cent., 52 per cent., and 30 per cent. respectively. Tests made with clinker, 
the sizes of the grains of which were 30 to 55 my, showed that the most quickly 
hydrated was C;A, then C,AF, and the slowest C,S. In subsequent periods 
hydration of C,;A remained nearly constant, but the other compounds were further 
hydrated. The hardness after six months, the depth of hydration, and the 
changes of constitution during periods of from three days to three months are 
noted. 

Rate of Absorption of Lime by Silica. 

The rate of absorption of lime by silica is closely related to the density, 
hardness, water-permeability, and other properties of lime-silica compound. For 
dense crystalline forms the rate is slow, but for amorphous and highly hydrated 
forms it is much greater. Some investigators have stated that SiO, does not 
form hydrates but always exists as an anhydride, some of the water being held 
mechanically and some chemically. Changes in the silica gel during dehydration 
are due, among other factors, to the formation of new molecules from 
the tetrahedron form and to lime absorption. The water content may vary 
greatly. 

In experiments described by V. A. Michalchenko in the same journal (1948, 
21 (10), 1025-1031), a silica gel was prepared from liquid glass and was freed 
from electrolytes by osmosis (electrical or otherwise). Excess water was removed 
by a Buchner funnel. A thin layer of gel was placed in a crystalliser and de- 
hydrated first in air with daily stirring or kneading to reduce the water content 
to 35 per cent., and finally dried in a dessicator over sulphuric acid. With the 
water-content less than 12 per cent. the specimen was placed in a drying cupboard 
at 110 deg. C., and finally burnt to constant weight at 1100 deg. C. A o-5-g. 
sample was placed in a 50-cc. graduated cylinder tightly closed with a stopper 
and 50 ml. of lime water added (Toa = 0°001235 g. per millilitre). 

The tests, which lasted ten days, showed that the rate of absorption of lime 
is greater for higher water contents although the quantity of lime absorbed was 
eventually the same for all specimens. With not more than 13 per cent. of water 
the absorption was complete in six days, although a half or more of the lime 
was absorbed in the first day. With from 28 per cent. to 83 per cent. of water 
the absorption was complete in five days, the amount of lime absorbed in the 
first day being about 0-6 of the total quantity. With 96 per cent. of water lime 
absorption was complete in three days, more than 0°8 of the total being absorbed 
in the first day. The principal causes of the greater rate of lime absorption by 
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silica gel with high water-content are: (1) In a silica gel of high water-content 
much of the water is held mechanically, thereby facilitating penetration by 
Cavions. The greater the extent of the dehydration the more the water is 
replaced by air and the penetration by Ca‘ ions is retarded, an effect produced 
also by other structural changes during drying whereby reacting surfaces are 
diminished. (2) There is varying peptisation of the silica gel. For example, 
with about 96 per cent. of water a high degree of dispersion is reached even in 
thirty minutes, whilst in the drier state peptising action by the lime water to 
this degree is not reached in three days. It is natural that in the first case the 
reacting surface is much greater during the first day’s absorption than in the 
second case. However, in course of time and as drying proceeds the gel attains 
a high stage of dispersion, and so the amount of absorbed lime is much the same 
and the rate of absorption in the last day also remains about the same for different 
water contents. (3) The most important factor is structural in connection with 
the tetrahedron form. Molecules forming the silica gel may have varied structure 
and size from simple silicate ions to colloidal micelle. The hexagonal formulation 
is of particular interest, for example Si,O,,!2~, which in gels with a high water- 
content may be completely hydrated to form H,.SigQ,s. 


At first, while there are many bonds of the type H—O—Si—(first day) absorption 
| 

is intensified, but as such oxygen links decrease there is a greater or less reduction 
in the rate of absorption, which is specially marked when the ratio of CaO to SiO, 
is unity as further absorption is connected with the breaking and hydration of 
the silicic-acid chains. The latter process requires expenditure of energy and 
sufficient concentration of OH’ions and, at ordinary temperature and OH’-ion 
concentration and the corresponding amount of lime water, it proceeds with 
marked slowness, as is fully confirmed by the experiments. Similar reasoning 
may be applied to other silicic-acid molecules constituting the silica gel. 
Dehydration of the gel leads to its aggregation and anhydrisation, for which 
silicates have a marked tendency. As aggregation proceeds, as many siloxy or 
similar bonds are formed the rate of lime absorption is reduced to a greater or 
less extent. Examples of the combinations are the union of two Si(OH), groups 
to form Si,0,(OH), and two molecules of water, and the union of two of the 
di-compounds to form a quadruple group plus water. Heated silica gel does 
not have the silicon-oxygen-hydrogen grouping of atoms, and absorbs lime 
extremely slowly and much more slowly than the hydrated form. Reaction 
between the silica gel and lime water proceeds according to the scheme 


| 
—Si—O—H-— —Si—O—Ca—. Anhydridising and crystallising forms follow the 
| | 
converse course. An advanced stage of hydration is characteristic of silicas 
under hydrolysis of basic silicates of lime in Portland cements. This is doubtless 
one of the principal factors governing the rapid increase in strength or stability 
of cement solutions in the early stages of setting. 
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In the absorption of lime by silica the lime at least is in the solid phase, and 
it is to be expected that the absorption would be a reaction of the first degree 
at a fairly constant rate. The absorption of lime by sand has been shown to 
be reasonably constant for different periods of time, and is probably a chemical 
reaction of the first degree. Study of the adsorption, the swelling of silica and 
formation of the colloid state, the breaking of the siloxane bonds, and other 
phenomena accompanying lime absorption by silica lead, however, to the 
expectation of contrary results. To investigate this matter further some 
determinations were made of silica gels of different degrees of hydration. The 
gels were prepared as before, and 0-5-g. to I-g. samples (anhydrous silica) were 
placed in a flask and 500 mg. of nearly-saturated lime water (To = 0001298 g. 
per millilitre) added. The flask was hermetically sealed, and the contents were 
thoroughly mixed for about a minute each day, the tests lasting ten days as 
before. Sand absorbs CaO very slowly, so that the possibility of increased error 
from other factors is greater. With silica gel and small volumes of lime water 
equilibrium concentration is reached quickly. The reaction proceeded generally 
in accordance with the ordinary equation for reactions of the first degree, but 
was affected by the form or structure of silicate, its water content, the relative 
volume of lime water used in the test, and the period of the test. It is concluded 
that the equation for monomolecular reactions cannot apply, and that there are 
heterogeneous reactions in which adsorption phenomena play a leading role. 


Transport of Cement in Bulk by Road. 


THE accompanying illustration (from ‘‘ Rock Products’’) shows aluminum 
bottom-discharge trailers used in the United States for the transport of cement 
in bulk. The tractor and trailer weigh about 11 tons unladen and carry about 
25 tons of cement. 
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Improved Methods of Analysing Ash. 


FuEL Research Survey Paper No. 50, entitled ‘“‘ Improved Methods for the 
Quantitative Analysis of Coal Ash and Coke Ash” (H.M. Stationery Office, 
Price Is.), contains many alterations to earlier methods found to be necessary as a 
result of experience by the Coal Survey Laboratories in analysing coal and coke ash, 
The booklet describes the method of preparing the ash for analysis, and in this con- 
nection some notes on precautions that should be taken are given. The methods of 
the main analysis include the determination of the amount of silicon, and traces of 
silicon, barium, iron, titanium, calcium, the iron group, and magnesium, the estima- 
tion of the amount of aluminium, and the separation of platinum and manganese , 
all of which result from the analysis of ore portions of the prepared ash. The 
remaining determinations, that is of manganese, phosphorus, alkalis, and sulphur 
trioxide are each carried out on separate portions of the ash. A feature of the 
description of each of the analyses is that the main procedures are described 
on the right-hand pages of the book and notes on each of the successive operations 
are given on the facing pages. The last part of the book gives the composition 
of the reagents, namely, the carbonate, hydroxide, molybdate, nitrate, oxalate, 
sulphate, and thiocyanate of ammonia ; barium chloride ; ethyl acetate ; ferrous 
ammonium sulphate ; the following acids: hydrochloric, hydrofluoric, nitric, 
perchloric, and sulphuric ; hydrogen peroxide ; iron ammonium alum ; mercurous 
nitrate ; nitrate, permanganate, and thiocyanate of potassium ; bicarbonate, 
bisthmate, hydroxide, and phosphate of sodium ; and zinc amalgam. The less 
common inorganic constituents oi coal and their negligible effect on the analysis 
of the ash are also discussed. 

The alterations in the methods of preparing the samples and analysing the 
ash include simpler and shorter methods of preparing the bulk sample and of 
separating the silica. The occurrence of barium in analytical quantities in coal 
was once considered to be unusual, but its presence in many coals has now been 
confirmed and a method for its determination is included. The treatment of the 
iror. group has been changed so that no separations of members of the group are 
required ; iron and titanium are determined separately. The method of 
determining the phosphorus is an entirely new method in which the repeated 
fusion of the ash with sodium carbonate is avoided. 

A diagram is given to illustrate the analytical scheme and giving the number of 
the paragraph concerned with each stage of analysis. 


Cement Production in Hongkong. 


It is reported that the Green Island Cement Co., Ltd., which is the only cement 
factory in Hongkong, worked at full capacity during the year 1949 and increased 
its output to over 58,000 tons, which was ahead of the previous year by about ; 
5,700 tons. The Company is still manufacturing at only about half its pre-war 
capacity pending the arrival and erection of new plant to replace that taken 
away by the Japanese. 
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Determination of Alkalis. in Portland Cement. 


A PAPER entitled ‘‘ Studies on the Flame Photometer for the Determination of 
Na,O and K,O in Portland Cement,” by Mr. William R. Eubank and Mr. Robert 
H. Bogue, is given in Research Paper No. 2019 of the United States National 
Bureau of Standards. The study was made on the Perkin-Elmar model 52-A 
flame photometer to establish its suitability for the determination of Na,O and 
K,O in Portland cement and raw materials. Standard solutions for each type of 
material were developed and excellent results obtained. The paper gives the 
photometric results due to numerous variables and describes a recommended 
procedure. On cement, the averages of the differences between the direct- 
intensity photometric and the gravimetric results were 0-012 per cent. for Na,O 
and 0-024 per cent. for K,O. Slightly closer agreement was obtained with the 
internal-standard method, but uncertainties due to the possible presence of Li,O 
give greater reliability to the direct-intensity method. It is stated that the advan- 
tages of flame photometry, both in time and accuracy, are such as to warrant 
its recommendation for the purpose examined. 


The instrument must first be calibrated with solutions of known concentration. 
It is convenient to prepare stock solutions of relatively high concentration in 
amounts sufficient to last for three or four weeks, and from these to prepare the 
standard solutions as required. These solutions should be stored in acid-resistant 
glass containers. 

STOCK SOLUTIONS.—A lime-acid stock solution is prepared to contain 6-3 per 
cent. of CaO and 500 ml. of HCl per litre. Add 300 ml. of water to 112-5 gr. of 
CaCO, in a 1,500-ml. beaker. While stirring, slowly add 500 ml. of HCl. Cool to 
room temperature, transfer to a I-litre volumetric flask, dilute to r litre and mix- 
thoroughly. 


A second stock solution is required containing 0-1 per cent of Na,O and K,O, 
both soda and potash being included in the same solution. Dissolve 1-8858 gr. 
of NaCl and 1-5830 gr. of KCl (previously dried at 105 deg. to 110 deg. C. for 
several hours) in water, dilute to 1 litre in a volumetric flask, and mix thoroughly. 

STANDARD SOLUTIONS.—Standard solutions are required, for the calibration 
of the apparatus, which contain known amounts of the alkali oxides together 
with a concentration of CaO and acid about equal to that which will be present 
in the unknown cement solutions. These are prepared by the dilution of propor- 
tions of the stock solutions. Since 1 gr. of the cement to be analysed is dissolved 
and made up to 100 ml. of solution, a K,O concentration in the cement of I per cent. 
would be equivalent in the solution to 0-or per cent. Since very few cements 
contain more than 1 per cent. of either Na,O or K,O, the usual upper concentration 
of the alkali oxides in the standard solutions can be fixed at 0-o1 per cent. In 
the few instances where higher concentrations are encountered, the upper con- 
centration in the standard solutions can be raised as necessary, or the solution 
being analysed can be further diluted. 
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In general, the range of 0 to o-or per cent. of Na,O and K,0O in the standard 
solutions will cover adequately the range of alkali concentrations (0 to I per cent.) 
in cements. Although higher sensitivity could be obtained by narrowing the 
alkali limits in the standard solutions (as between 0-0025 and 0-0075 per cent. 
where the cements contain not less than 0-25 nor more than 0°75 per cent. of either 
alkali oxide), such dilution is not recommended. The likelihood of contamination 
and consequent erratic results would thereby be greatly increased. The standard 
solutions recommended are given in Table 1. The lime-free solution is for use only 
in establishing the correct position of the wavelength selector for maximum re- 
sponse to Na,O and K,O. Each alkali solution is measured, as already indicated in 
calibrated pipettes or burettes, but the lime-acid solution may be measured in a 
graduated cylinder. 

CALIBRATION OF THE INSTRUMENT.—With the electric current turned on, the 
air pressure is adjusted to about Io lb. per square inch, the gas pressure to about 
5 lb. per square inch, and the burner lighted. The chimney should be adjusted 
with its bottom edge about 4 in. to } in. below the top of the burner. The gas 
and air pressures are further adjusted to give a flame 5 in. to 6 in. high and having 
uniform, quiet, greenish-blue cones over the grid of the burner. Under humid 
conditions, moisture condensation may be prevented by leaving the electrical 
circuit on continuously. The burner should be on for half an hour before commenc- 
ing a test. 


KILN DRAUGHT 
SECONDARY AIR 
CLINKER COOLING 
DUST REMOVAL 
KILN COAL FIRING 
SACK CLEANING 
CONVEYING 
BOILER DRAUGHT 
VENTILATING, ete. 


We invite your enquiries 


“KEITH-BLACKMAN’ 


KEITH BLACKMAN LTD., MILL MEAD ROAD, LONDON, N.!7. 
T.N.: TOTTENHAM 4522. T.A.: “KEITHBLAC, NORPHONE, LONDON.” 
ncat MANCHESTER, BIRMINGHAM, LEEDS, NE WCASTLE-ON-TYNE, GLASGOW, PENARTH nr. CARDIFF, and BELFAST 
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The internal-standard dial should be set and caused to remain at zero. The 
correct position of the wave-length dial is established by pouring lime-free standard 
solution into the atomizer and moving the selector back and forth on each side 
of the indicated wave-length for the element until the point of maximum deflection 
of the meter is obtained. During this operation the meter is caused to reach the 
range go to 100 by means of the coarse and fine gain controls. The atomizer should 
be rinsed with each solution prior to taking readings for that solution. 


The 100-ppm. alkali lime-containing solution is then poured into the atomizer, 
and the coarse and fine gain controls adjusted until the meter reads 100. With 
the alkali-free solution in the atomizer, the zero-adjustment knob is turned until 
the meter reads zero. These steps should be repeated until the meter needle returns 
to 100 and 0, respectively, on going from one solution to the other. 

The 75-ppm. solution is then poured into the atomizer and the meter reading 
noted. Again the o and 100-ppm. solutions are tested and the process repeated 
until consistent results are obtained. The meter reading for the 75-ppm. solution 
is then recorded and the operation repeated with the other standard solutions. 

The final recordings for the meter readings of all standard solutions are then 
plotted on cross-section paper, noting that 10-ppm. (or 0-oor per cent.) standard 
solution represents 0-r per cent. of Na,O or K,O in the cement solutions, 100 
ppm. represents I per cent., and so on. 


DETERMINATION OF Na,O AND K,O.—When the instrument has been checked 


against the standard solutions and the calibration curves drawn, the procedure 
for the determination of Na,O and K,O concentrations in the cement consists in 
placing the cement in solution and comparing meter readings obtained upon such 
solutions with the calibration curves. 


One gramme of cement is placed in a 150-ml. to 250-ml. beaker and dispersed 
with ro to 25 ml. of water; 5 ml. of HCl is added all at once and diluted im- 
mediately with 50 ml. of water. Any lumps are broken up with a flat-end stirring 


TABLE I 


Alkali Lime-acid NaCl-KCl Volume of 
(as oxide) solution solution final 
solution 


ppm. 

(per cent. x 
10,000) ; : ml. 

100 

75 

50 

25 

10 

° 

100 
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rod. After digesting for 15 minutes on a steam bath or hot plate, the solution is 
filtered into a calibrated 100-ml. volumetric flask. The beaker and paper are 
washed thoroughly with water, the solution cooled and diluted to 100 ml. and 
mixed thoroughly. The apparatus is warmed and adjusted, and the wave-length 
selector properly placed as in the procedure for calibration. The 100-ppm. and 
alkali-free standard solutions are used for the proper setting of the meter by means 
of the coarse and fine gain controls, and of the zero-adjustment knob, as previously 
described. 

The cement solution is then poured into the atomizer and the reading noted. 
The standard solution nearest this reading is then used and its reading noted. 
If the standard deviates more than one scale division from its former value, the 
original reading is re-established by use of the fine gain control. These readings of 
unknown and nearest standard are repeated until they are consistent. The reading 
of the cement solution is then recorded, and the Na,O or K,O concentration read 
from the appropriate calibration curve. 

Each oxide should be reported to the nearest o’oI per cent. Where the com- 
bined oxides expressed as Na,O are required, the Na,O equivalent of the K,O 
is obtained by multiplying the percentage of K,O by 0°658, recording to nearest 
0-OI per cent., and adding to the Na,O as determined. 


The U.L.R.O. 
Standard Gear Units 
were developed for all 
D.H. Reduction classes of Industry and have 
— a Proven record under the most 
severe conditions. 
Designed and manufactured to transmit high load carrying capacity 
with maximum efficiency. Each Unit is subject to exacting inspection 
during manufacture and before and after running tests. 


Siigiio 7 ia 
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The Cost of Building Cement Works. 


In the course of his address to the stockholders at the annual general meeting of 
the Associated Portland Cement Manufacturers, Ltd., held in London last month, 
Mr. George F. Earle (the Chairman) said that before the war the cost of building 
cement works in South Africa and Mexico was similar to the cost in England for, 
although labour in those countries was cheaper per hour, the output per man was 
lower. Unfortunately, this position had changed. During the last few years 
the group had been concerned with the building of three works, all of which had 
almost identical machinery. One of these works was at Shoreham, which would 
cost about {2} millions, and the Companies in Mexico and South Africa had built 
the others. In each of these countries the plant to deal with the raw materials 
was more expensive than at Shoreham and, while it was not possible to compare 
the costs exactly, it was known that after making generous allowances for the 
differences in lay-out, etc., the works in Mexico cost at least £500,000 less than 
the English works, and that in South Africa at least £250,000 less, in spite of the 
fact that the machinery had to be shipped from England and had long overland 
journeys. There was one reason for most of this excess cost. It was that the cost 
of British labour per unit of work done was higher than it ought to be. This 
was not so before the war. He understood that there were now indirect labour 
costs on a works like Shoreham which did not exist before the war, and that the 
output per man was often considerably less than pre-war. Was that surprising ? 
The incentive to work was now small—high taxation, lack of consumer choice, 
and the law of supply and demand were sufficient reasons. He was convinced 
that the cost of building would drop, for if, for example, men were working two- 
thirds as hard as before the war a return to pre-war output would mean an additional 
production of about half as much again. 

They must be grateful that the output per man in their own highly mechanised 
industry was good. They were producing more per man than before the war, and 
as much as in the U.S.A. If the price of coal and power had increased only in 
the same proportion, 53 percent., as that of cement, instead of 157 per cent. and 
10g per cent. respectively, they would have no fear about the future of their 
export trade. The saving per ton of cement would be 7s. 

In view of the high cost of building cement works in this country, they had, 
for the time being, concentrated their expansion programme on the improvement 
and extension of existing works. This was not only a cheaper, but a quicker, 
way of obtaining additional output. 

Last year their group produced half-a-million tons more cement than in 1948. 
This year they hoped to produce 900,000 tons more than in 1948, and next year, 
with the Shoreham works in production, one-and-a-quarter million tons more. 
They believed that they would be able to supply their full share of the home 
market, and be capable of exporting very large quantities of cement. 

The Chairman mentioned that the new works in Mexico and South Africa 
are now in production. Improvements and extensions are being made to the 
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works in Australia. Negotiations are nearly completed for the purchase of a 
majority interest in the Golden Bay Cement Co., in New Zealand, and this works 
will be extended. It had been decided to form a company in Malaya, and to 
build a cement works there as soon as possible. The Canadian Company had had 
a record year, and its capacity is to be increased. In view of the proposal to 
nationalise the British cement industry, a subsidiary company, Associated 
International Cement, Ltd., has been formed to own the Company’s interests 


overseas. 


Proposed New Cement Works in Ecuador. 
It is reported that the Production Development Corporation of Ecuador is con- 
sidering the erection of cement works at Riobamba and Azogues. 


MISCELLANEOUS ADVERTISEMENTS. 


SCALE OF CHARGES. ps 
Situations Wanted, 34. a word; minimum 7s. 6d. 
Situanons Vacant, 4d. a word; minimum 10s. 
Box number 1s. extra. Other miscellaneous 


advertisements, 4d. a word; 103, minimum. QUIRED! 
Advertisements must reach this office by 
the 5th of the month of publication. 


SITUATIONS VACANT — - most — uy trained hands are useless 

PRACTICAL works chemist, age between thirty unless they are healthy hands—hands that are 
and forty, for cement factory in Brazil. Good salary Where hands — handle industrial irri- 
offered and house provided. Good climate. State ts—dry and wet abrasives—Rozalex acts 
full details in confidence and whether married or as as a barrier — - troubles. [nape oon 
single to—Box 7676, W. H. Smith & Son, Ltd., Man- sooled gre flomacly «granny ingen, 
chester, 3. not only by eliminating lost time and laid-off 
workers, but also by,eliminating the fear of 
AN INTERESTING POSITION is open to appli- wen of Beatie cincien casas abate 
cants of degree standard, with experience in the eve known industrial irritant. Our tech- 
steel, ceramic, or cement industry, including a resentative is at your service. Write 
knowledge of furnace design and operation. The <olandertaa.. y St., Manchester 2. 
work involves investigation of industrial refractory 


and insulation problems. The position, which is a 
perinanent one, offers considerable scope and excel- 
lent prospects to a man, age 25-35, with intelligence, 

initiative, and the capacity for hard work. Head- 
quarters would be in London with opportunities for 
travelling, and the commencing salary in accord- 
ance with qualifications.—Apply in writing, giving 
full details of age, experience, and qualifications, to 
the Staff Manager, The Morgan Crucible Co., Ltd., 
Battersea Church Road, London, 8.W.11. 


ALITE No. 1. 68% ALUMINA 


Refractory Standard 3250° Fahr. 


SUPER 
REFRACTORIES ie aoe bl gy -— 


for ALITE D. 41% ALUMINA 


CEMENT Refractory Standard 3150° Fahr. 


KILNS“ E. J. & J. PEARSON, LTD., 


STOURBRIDGE, ENG. 





